Rotator cuff tear is a degenerative shoulder disease, causing pain and dysfunction in patients.
rehabilitation and satisfaction, influencing long-term functional outcomes. Research on early postoperative pain control has been conducted, often showing good results. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] However, most literature has assessed early postoperative pain control methods and results only, while the degree of postoperative pain and change patterns during the follow-up period are widely unknown.
In addition, while there is extensive research on factors concerning postoperative function, the literature remains limited regarding factors that affect postoperative pain.
13) The absence of long-term studies of postoperative pain and the factors behind postoperative pain make predicting postoperative pain difficult. Our hypothesis is that there are specific factors that definitively affect postoperative pain. The purposes of this study were 1) to evaluate the pattern changes in pain scales over time after a rotator cuff repair operation, 2) to evaluate the difference between groups according to their postoperative pain pattern, and 3) to evaluate the factors that affect the postoperative pain pattern.
METHODS
From June 2009 to October 2010, 210 patients who had been diagnosed with rotator cuff tears and treated via arthroscopic rotator cuff repair were included as subjects. After obtaining Institutional Review Board approval (No. 12-005) by Inje University Busan Paik Hospital to review patients' charts, a retrospective study was initiated. Inclusion criteria were as follows: (1) posterior superior rotator cuff tear of the supraspinatus and infraspinatus tendons, but not the subscapularis tendon, (2) no concomitant biceps or acromioclavicular joint lesion, (3) 6 weeks, 3 months, 6 months, and 12 months postoperative followup was possible, (4) the patients had been treated with the same postoperative medical treatment and rehabilitation according to type of tear size, and (5) different preoperative and postoperative pain character. For patients with small to medium tears, we started a level 1 rehabilitation program for 4 weeks after surgery. After the operation, we supported the shoulder with a K-sling. One day after surgery, we started pendulum exercises and the passive forward flexion exercise. One week after surgery, we carried out active forward flexion exercises, extension exercises and active scapular exercises. On the third postoperative week, we conducted supportive active external rotation exercises from an abducted state. Between the fourth and sixth postoperative weeks, we allowed multidirectional stretching exercises and started internal rotation exercises and cross body adduction exercises as level 2 rehabilitation. From the sixth week to the twelfth week after surgery, we started the phase I strengthening exercises, including resistive scapular strengthening exercises and manual resistive exercises of the rotator cuff and deltoid muscle. Between the twelfth week and sixth month, we allowed sports and job activities. For patients with large to massive tears, the level 1 rehabilitation program lasted for the first six weeks. On the day after surgery, we started pendulum exercises. One week after surgery, we conducted passive forward flexion exercises, passive external rotation exercises, and active scapular exercises. Six weeks after the operation, we allowed multidirectional stretching exercises and started internal rotation exercises, cross body adduction exercises and extension exercises as part of the level 2 rehabilitation. In addition, we carried out isometric exercises of rotator cuff, phase I strengthening exercises, including active scapular exercise. Between the twelfth and sixteenth weeks, we started resistive scapular strengthening exercises, manual resistive exercise of the rotator cuff and deltoid muscle, which was level 3 rehabilitation. On the sixteenth week after surgery, we allowed the patient to resume sports activities and return to his or her job activities as part of the level 4 rehabilitation program.
Patients were excluded for the following reasons: (1) they had undergone operations on the same shoulder previously, (2) had degenerative arthritis and inflammatory arthritis, (3) had a cervical spine lesion, (4) had auto insurance or industrial accident compensation insurance, (5) were diagnosed with neuropsychiatric problems, or (6) an inconsistent change of pain pattern, for example, the patient developed preoperative pain characteristics during postoperative follow-up. Using these criteria, 84 patients among the initial 210 patients were selected as final subjects in the study.
The degree of pain was evaluated by a visual analog scales (VAS) 14) score. However, pain is subjective in the sense that it could vary for each patient. Sometimes it could be meaningless itself, so we consider that the degree of pain change in an individual is a more valuable measurement. To evaluate the pain pattern, we took a VAS score at each period. The VAS scores from the first outpatient clinic department visit before surgery were used as the preoperative degree of pain. The evaluation of postoperative pain was conducted by VAS scores during the post-operative outpatient interviews at 6 weeks, 3 months, 6 months, and 12 months. Outpatients were asked to report VAS scores based on when they felt the most severe pain, one week prior to the outpatient interviews. Range of motion (ROM) was checked by a single examiner during outpatient visits both before the operation and then again at 3, 6, and 12 months after the operation. Radiologic evaluation was performed at the postoperative time frames of 3 and 12 months using ultrasonography, and at 6 months using computed tomography (CT) arthrography. The factors that were thought to affect postoperative pain were evaluated after dividing the factors into three groups: preoperative, operative, and postoperative. Age, gender, occupation, pain onset, trauma history, degree of pain, smoking history, synovitis of glenohumeral joint, and the size and degenerative change of the ruptured rotator cuff were evaluated as preoperative factors. The operational method and the number of anchors used were evaluated as operative factors. Stiffness and restoration of the repaired rotator cuff were evaluated as postoperative factors.
We evaluated mean pain during the outpatient follow-up period, and compared changes between visits in addition to determining the pain pattern following the operation. First, we classified the patients that displayed a strictly decreasing pain pattern over our set time points as group I, and the rest as group II. The differences of the preoperative, operative, and postoperative factors between each group were evaluated. We also evaluated the factors influencing the strictly decreasing pain pattern over time. Second, we devised another classification system to elucidate the factors behind low postoperative pain intensity. We defined group A as the group of patients showing lower pain intensity than average for each follow-up period, and we labeled the rest as group B. As we did with group I and group II, we examined the differences in the preoperative, operative, and postoperative factors between group A and group B. We then analyzed the factors behind the lower intensity pain pattern for each follow-up period. Also, the patients were divided into acute onset and chronic onset pain groups. The acute onset pain group consisted of patients who had their operations within 3 months of first noticing pain, while the chronic onset pain group was defined as patients who were operated on at least 3 months after the onset of pain.
Statistical differences for categorical variables between groups were analyzed by a chi-square test. Statistical differences for continuous variables between groups were analyzed by Student t-test. The relationship between variables and postoperative pain pattern was analyzed by a logistic regression test. The level of significance was set at 0.05 by use of SAS ver. 9.0 (SAS Institute, Cary, NC, USA). All statistical analyses were performed by a specialized biostatistician.
RESULTS
The average pain scores at 6 weeks, 3 months, 6 months, and 12 months after the operation were 4.04 ± 1.78, 3.01 ± 1.79, 1.54 ± 1.18, and 0.85 ± 0.84, respectively. Postoperative pain tended to decrease for every period, and the differences between each period were statistically significant (p = 0.001) (Fig. 1) .
The changes in the mean VAS score between 1.5 months and 3 months postoperatively, between 3 months and 6 months postoperatively, and between 6 months and 12 months postoperatively in group I were 1.56 ± 0.96, 1.83 ± 1.24, and 0.7 ± 0.66, respectively. For group I, there were no statistically significant differences in the mean VAS score between any two successive time points. For group II, the changes in the mean VAS score between 1.5 months and 3 months, 3 months and 6 months, and 6 months and 12 months were 1.19 ± 1.10, 2.23 ± 2.08, and 1.01 ± 0.92, respectively. Unlike group I, group II's differences in mean VAS scores between any two successive periods were statistically significant (p = 0.001 and p = 0.001, respectively). The mean VAS score at postoperative 6 weeks, 3 months, 6 months, and 12 months was in 2.4 ± 1.06, 1.44 ± 0.58, 0.66 There was a statistically significant difference between the groups in the follow-up period (p < 0.05) (Fig. 2) .
Comparison of Factor between Groups According to the Pattern of Pain Change
With regard to continuous factors, initial VAS scores showed a significant difference between group I and group II (p = 0.0161). Other factors, such as age, tear size ante- rior to posterior (AP), tear size medial to lateral (ML), and number of anchors used were not found to have a statistically significant difference between groups (p = 0.9332, 0.6633, 0.5652, and 0.1561, respectively) ( Table 1) . Among categorical factors, combined medical disease, pain onset, and synovitis showed a statistically significant difference between group I and group II (p = 0.034, 0.042, and 0.003, respectively). Other factors showed no statistically significant difference between the two groups ( Table 2) .
Comparison of Factors between Groups According to the Pattern of Pain Intensity
With regard to continuous factors, tear size ML showed a significant difference between group A and group B (p = 0.041). Other factors such as age, tear size AP, number of anchors used, and initial VAS score did not show a statistically significant difference between the groups (p = 0.678, 0.147, 0.174, and 0.443, respectively) ( Table 3 ). Among the categorical factors, stiffness of forward flexion, internal rotation and external rotation at 3 months postoperatively, and synovitis were shown to have statistically significant differences between group A and group B (p = 0.006, 0.013, 0.012, and 0.008, respectively). Other factors showed no statistically significant difference between the groups (Table 4).
Logistic Regression Test
The results of the continuous and catergorical variables in previous analysis were different from the results of the univariate analysis, so we conducted a multiple regression analysis using the results of univariate analysis. In single analysis and multiple regression tests for factors influencing the group with the strictly decreasing pain pattern, initial VAS and onset of pain were shown to be statistically significant factors (Table 5) . With regard to the factors influencing the lower intensity pain pattern for each period, stiffness of internal rotation at 3 months postoperatively was shown to be a statistically significant factor in both single and multiple regression tests (Table 6) .
DISCUSSION
In the current literature, postoperative pain has been shown to have a strictly decreasing pattern at all given time intervals. In addition, the change in the decrease in pain was statistically significant at all the time intervals. Stiglitz et al. 15 ) also evaluated postoperative pain patterns after arthroscopic shoulder surgery during a 1-year postoperative period. They found that postoperative pain decreases by 7 days after the operation, as compared with the preoperative pain. This result was similar to the results found in the current literature. However, the current literature did not evaluate postoperative pain changes compared with preoperative pain, only evaluating postoperative pain changes themselves. The follow-up time interval in the current study, different from the previous study, is thought to be more consistent for evaluating changes in postoperative pain. The reason for postoperative pain and the changing pattern at different time intervals could not be evaluated in this study. However, we selected subjects who had posterior superior rotator cuff tears and no combined biceps and acromioclavicular lesions among those who had a different character of pain after their operation. By adhering to these strict inclusion and exclusion criteria, the subjects in this study represent uncomplicated postoperative pain during healing periods after an operation. So, the strictly decreasing pain pattern may show an uncomplicated postoperative pain pattern during healing.
Initial VAS and pain onset affected the pattern of pain change during the follow-up period. The higher initial VAS score and acute pain onset affected the strictly decreasing postoperative pain pattern. On the contrary, the lower initial VAS score and chronic pain onset had an irregular effect in terms of decreasing postoperative pain patterns. Desai and Cheung 16) assessed the pain of 39 elbow and 38 shoulder surgery patients preoperatively and postoperatively using the Short-Form McGill Pain Questionnaire. Each patient scored their pain both preoperatively and then 3 days and 6 weeks postoperatively. They then calculated changes and correlations at each interval. The researchers found that preoperative pain and the anticipated postoperative pain were both independent predictors of increased postoperative pain. Kuijpers et al. 17) evaluated prognostic indicators of favorable outcomes and poor outcomes in narrative reviews from literature on shoulder disorders and suggested that an extended duration of pain is related to worse outcomes. In the current literature, preoperative pain intensity and onset affected the postoperative pain pattern. These results are similar to those of Desai and Cheung 16) and Kuijpers et al. 17) However, the current study examined patients who had arthroscopic rotator cuff repair and evaluated postoperative pain changes and the factors affecting postoperative pain patterns. This is different from Desai and Cheung's study, 16) which evaluated pain changes between the preoperative and postoperative period among heterogeneous subjects, such as those with fracture reduction and nerve decompression. In addition, Kuijpers et al. 17) studied prognosis factors for shoulder disorders after non-operative treatment, which is different from our study's inclusion of only arthroscopic rotator cuff repair patients. Further, our research evaluated the factors affecting postoperative pain patterns and is different from Kuijpers et al., 17) as their research showed only the prognostic factors for shoulder disorders. In the current literature, as the initial VAS increases, the pattern of postoperative pain decrease is regular. This study cannot define the pathomechanism of preoperative pain and its effect on the strictly decreasing postoperative pain pattern. In our opinion, these findings may result from continued decreasing pain and better satisfaction among patients who had high levels of pain before their operations. In addition, as the duration of preoperative pain increased, the decrease of postoperative pain was irregular. That may come from synaptic plasticity in chronic pain, which amplifies pain in the spinal cord. Improvement of the shoulder lesion could not be recognized as a pain-decreasing factor.
In the current study, we found that postoperative internal rotation stiffness 3 months after surgery affects the pain intensity for each period. As stiffness becomes worse, postoperative pain remained high, in contrast to the lower levels of postoperative pain in patients who had mild stiffness. Postoperative stiffness was related to a constantly low level of postoperative pain. Loss of motion is a well-recognized postoperative complication of rotator cuff repair. 5, [18] [19] [20] [21] The risk factors of stiffness are known include calcific tendinitis, adhesive capsulitis, single tendon cuff repair, PASTA repair, age younger than 50, and those with workers' compensation insurance. 22) Namdari and Green 23) studied 345 patients who underwent rotator cuff repair and researched correlations between preoperative and postoperative variables and postoperative limitations of motion. They evaluated active forward elevation, active external rotation, and passive internal rotation after rotator cuff repair, and found that limitation of motion causes poor operative outcome and worse postoperative pain statistically. This study reached the same result as the study by Namdari and Green, 23) which found that ROM loss at 3 months after surgery affects postoperative pain, especially in those with higher than average intensity pain during the follow-up period. However, unlike in this study, the study of Namdari and Green 23) includes both open and arthroscopic surgery, and did not observe the pattern of change of postoperative pain during each period throughout follow-up. However, we could not define how the postoperative stiffness affects postoperative pain in our study. Franceschi et al. 24) reported that substance P may play a role in the pathogenesis of shoulder pain and found a 3-fold increase in levels of substance P in patients in whom postoperative stiffness developed. In our opinion, this cytokine release in stiffness may be related to postoperative pain intensity.
There are some weaknesses in this study. First, an assessment of postoperative pain may be subjective. Even if the same degree of pain is felt, the VAS score, the digital assessment for pain, could vary for each patient. In this study, therefore, we decided the differences between each patient's VAS score were a weak point, and used the degree of change for pain in a person instead because it is more valuable for comparisons. Second, with regard to evaluating the ROM in order to measure postoperative stiffness, the variables were not presented as a continuous variable, but rather as interval variables. In this way, patients with stiffness could not be completely sorted out. Third, in this study, radiologic evaluations were not carried out in all patients. For instance, CT arthrography was conducted at 6-month postoperation in 80% of the study sample. This could affect bias about postoperative re-rupture and analysis of postoperative pain. Fourth, in this study, subtle differences of pain control medication, including the type, duration, and other therapeutic means, such as injection or physical therapy during the follow-up period were not analyzed. In the future, a study with a stricter control of variables is needed.
In conclusion, noncomplicated postoperative pain after arthroscopic rotator cuff repair surgery showed a strictly decreasing pain pattern at each time interval. As preoperative factors, higher initial VAS scores and a more acute onset of pain affected the strictly decreasing postoperative pain pattern. As a postoperative factor, the stiffness of internal rotation at postoperative 3 months affected the high intensity pain pattern for each period.
So, preoperative factors, such as initial VAS score and pain onset, are not correctable and we consider that these factors could be used to predict the pattern of postoperative pain for patients with these conditions. In addition, the postoperative factors, such as stiffness of internal rotation at postoperative 3 months, are correctable, and we consider that the method of reducing postoperative stiffness could be helpful to reducing postoperative pain intensity.
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